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Summary
Background: Docetaxel and paclitaxel are among the most active substances for the treatment of breast cancer. As both drugs are used today in adjuvant regimens, efficacy data from pivotal trials in the metastatic setting in taxanenaive populations cannot reliably be used as references.
Patients and Methods:
The Taxane Re-Challenge Cohort Study identified participants from 6 prospective (neo-)adjuvant taxane-based studies with recurrent disease and collected data on their subsequent treatment. Out of 381 recurrent patients, 106 (27.8%) were re-challenged with a taxane-based treatment as first-or later-line therapy for recurrent disease. Results: Taxanes were used as first-line therapy in 74 patients and showed a response rate of 48.6% (including complete responses in 27.0%). The response rate was dependent on the disease-free interval (< 1 year: 34.8%; 1-2 years: 42.9%; > 2 years: 63.3%; p = 0.04) and visceral metastasis (present: 62.5%; not present 32.4%; p = 0.01). Patients without visceral metastasis and with a disease-free interval of > 2 years achieved the longest overall survival. Hormone and HER2 receptor status were not predictive; however, triple-negative tumors responded in 50.0%. The overall response rate of later-line taxane-based treatment was 28.2%. Conclusion: Re-challenging taxanes appears to be effective and therefore represents a reasonable option in this population.
Guo/Loibl/Untch/Möbus/Schwedler/ Fasching/Barinoff/Holms/Thomssen/ Zahm/Kreienberg/Hauschild/Eidtmann/ Tauchert/Mehta/von Minckwitz overall survival curves. Values of p < 0.05 were considered to be statistically significant. The data were analyzed using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA).
Results

Patient Characteristics
A total of 106 patients who received taxane-based treatment as first-or later-line therapy were enrolled in this cohort study. The median age of the patients was 48 (25-77) years. The baseline characteristics of all patients are given in table 1. 74 patients received re-challenge with a taxane as first-line treatment and 39 patients received taxane re-challenge at a later line (7 patients received both). First-line taxane treatment was given in combination in 44 patients, i.e. with anthracyclines (n = 27), capecitabine (n = 13), trastuzumab (n = 13), bevacizumab (n = 11), platinum compounds (n = 7), gemcitabine (n = 4), and vinorelbine (n = 2). The most frequently used regimens were docetaxel or paclitaxel with doxorubicin and cyclophosphamide. Monotherapy with paclitaxel was given to 17 patients and with docetaxel to 13 patients.
Efficacy and Outcome of Taxane Re-Challenge as First-Line Therapy
The overall response rate in 74 patients receiving re-challenge with taxanes as first-line treatment was 48.6%, consisting of 20 (27.0%) complete and 16 (21.6%) partial remissions. The Introduction Taxanes (docetaxel, paclitaxel, nab-paclitaxel) are among the most active substances for the treatment of breast cancer. Overall response rates of 25-69% have been reported when taxanes are used as first-line-treatment of metastatic breast cancer in taxane-naive patients [1] [2] [3] . However, as a consequence of the increase in the use of taxanes as therapy for early-stage breast cancer [4] , more patients presenting with metastatic disease have been pretreated with taxanes. There is an almost complete lack of data as to how far the efficacy reported for taxanes in the pivotal trials remains stable with this change. First, patients relapsing despite having received (neo-)adjuvant taxane-based treatment might have more aggressive tumors, and second, metastasis of these tumors might be resistant to taxanes. Despite this lack of evidence, current guidelines recommend a re-introduction of a taxane for metastatic disease only after a treatment-free period of 1 year [5] .
The Taxane Re-Challenge Cohort Study was conducted to determine the efficacy of taxane-based treatment as first-line or later-line therapy for recurrent or metastatic breast cancer in participants of (neo-)adjuvant taxane-containing chemotherapy trials.
Patients and Methods
Study Design
The Taxane Re-Challenge Cohort Study collected retrospectively data on treatment, efficacy, and outcome of patients with recurrent disease from 6 large-scale, multi-centric, prospective (neo-)adjuvant chemotherapy trials conducted in Germany between 1999 and 2008.
Objectives
Objectives of this study were the overall (complete and partial) response rate of first-and later-line taxane-based treatment, overall survival after relapse, to find the predictors for a better efficacy, and to determine the efficacy specifically in the subgroup of patients with triple-negative tumors.
Patient Characteristics
Eligible patients were identified from the study databases of the adjuvant or neoadjuvant trials of the German Breast Group and the Arbeitsgemeinschaft Gynäkologische Onkologie (AGO) Breast Study Group [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . All of them had been treated with either docetaxel or paclitaxel as part of their primary treatment (adjuvant or neoadjuvant chemotherapy) and had had a local or distant relapse reported. Overall, information on 381 out of 1100 patients with recurrent or metastatic breast cancer was received, representing 34.6% of all identified patients. 106 patients (27.8%) of those, from 41 centers, had received taxane-based treatment as first-or later-line therapy and were analyzed in this study.
Statistical Analysis
The primary objective of this trial was to show adequate activity of taxane retreatment measured by the objective response rate. Efficacy analysis was performed on the whole population; unavailable responses were considered as treatment failures. Response rates were compared using chi-square tests. Overall survival time was analyzed using Kaplan-Meier estimates. The log-rank test was used to test for differences between sponse rate were the presence of visceral metastasis (p = 0.01) and the type of taxane used (p = 0.06), whereas age, type of taxane used for (neo-)adjuvant treatment, and hormone and HER2 receptor status were not predictive (table 3) . However, there was no difference in response rates in relation to the type of taxane that was used for re-challeng (table 2) . [18] [19] [20] . The response rate of paclitaxel monotherapy is largely dependent on dosing, infusion time and scheduling, and ranged between 22 and 62% [21, 22] . Combination of paclitaxel with doxorubicin as well as trastuzumab were highly effective, with response rates of 94 and 50%, but the former was associated with significant cardiotoxicity [23, 24] . The observed response rates with re-challenging a taxane appear higher than those with capecitabine, vinorelbine or ixabepilone in a similar setting, which were usually in the range of 20-30% [25] .
The strongest predictors for the effect of taxane re-challenge were the presence of visceral metastasis and the duration of the disease-free interval. The observed higher response rate in patients with a longer disease-free interval can be explained by the assumption that tumors with high resistance to taxanes recur earlier. However, the observed response rate of 34.8% in patients with a disease-free interval of < 1 year shows that the use of taxanes in this specific population also represents a valid option. Furthermore, as we received information of approximately 30% of the target population, a selection bias cannot be ruled out.
The response rate of tumor phenotypes according to hormone and HER2 receptor status was not significantly different; however, the rate was highest in HER2-positive tumors (being treated additionally with an anti-HER2 agent). Surprisingly, triple-negative tumors usually considered to be highly resistant to palliative chemotherapy showed a response rate as high as 50%. This is in line with data with anthracyclines and taxanes as neoadjuvant therapy, with a high pathologic complete response rate [26, 27] .
The re-challenge of taxanes at a later line resulted in a much lower response rate; however, these patients were heavily pretreated. Due to the small number and the wide heterogeneity of this population, the only firm conclusion that can be drawn from this cohort study is that a third use of taxanes does not seem to result in a clinical benefit for the patient (even with a good response at first line) and should be avoided.
Re-challenging taxane as first-or later-line treatment for patients with recurrent disease after (neo-)adjuvant taxanebased chemotherapy appears to be a reasonable option, also for patients with triple-negative tumors.
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The median overall survival of these patients was 1.3 years ( fig. 1 ). It was longer in patients with a disease-free interval of > 2 years (median overall survival (in years) for diseasefree interval of < 1 year: 0.9; 1-2 years: 0.9; > 2 years: 4.0; p = 0.002) (table 3, fig. 2 ) and in patients without visceral metastasis (visceral metastasis present: 1.0 year; not present: 2.4 years; p = 0.04) (table 3, fig. 3 ). Patients treated with docetaxel as first-line treatment showed a trend towards a longer overall survival of 2.4 years compared to those treated with paclitaxel (1.0 year) (p = 0.1) (table 3, fig. 4 ).
Efficacy of Taxane Re-Challenge at a Later Line
A total of 39 patients were treated with a taxane for recurrent disease as later-line therapy. The median number of preceding regimens for metastatic disease was 3 (range 1-18). The overall response rate of later-line taxane-based treatment was 28.2%. The overall response rate with docetaxel was 15.4% and with paclitaxel 34.6% (table 4) . There were 7 patients who received taxane-based treatment as first-line and laterline therapy. With these 7 patients, the best response to the first-line therapy was 1 complete response, and the overall response was 47.1%, (1 (14.3%) complete and 3 (42.9%) partial responses); the best response to later-line therapy was 1 (14.3%) disease stabilization.
Discussion
There is an increasing number of patients with metastatic breast cancer who are pretreated with taxanes in the (neo-) adjuvant situation. Therefore, it is essential to re-assess the efficacy of taxane-based treatment in this group of patients.
In this retrospective multicenter cohort study, we observed an overall response rate of 48.6%, consisting of 27.0% complete and 21.6% partial responses, with a median overall survival of 1.3 years in patients who received taxane-based treatment as first-line therapy. The response rate using taxane monotherapy was 40%, and using combination therapy, 54.5%. This is in the range of what was observed in trials including taxane-naive patients. 5 multicenter phase II trials for first-line treatment of metastatic breast cancer with docetaxel monotherapy of 75 or 100 mg/m 2 reported an overall response rate between 38 and 68% and a median overall survival of 16.4 months across these studies [16] , and a phase III study assessing docetaxel and doxorubicin reported a response rate of 48% [17] . Docetaxel in combination with doxorubicin, doxorubicin/cyclophosphamide, and trastuzumab reached 
